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General Policy* 

The Journal of the Chemical Society is a medium for 
reporting selected original and significant contribu- 
tions to new chemical knowledge. Articles which do 
not advance knowledge (e.g. reviews) will not normally 
be considered for publication in the Journal. 

All contributions are judged on the criteria of 
(i) originality and quality of scientific content 
and (ii) appropriateness of the length to content 
of new science. Thus, papers reporting results 
which would be routinely predicted or result from 
application of standard procedures or techniques 
are unlikely to prove acceptable in the absence of 
other attributes which themselves make publica- 
tion desirable. 

Although short articles are acceptable, the Society 
strongly discourages fragmentation of a substantial 
body of work into a number of short publications. 
Unnecessary fragmentation will be a valid reason for 
rejection of manuscripts. 

The Journal is published in five Transactions: 

Dalton : Inorganic 

Perkin I : Organic and Bio-organic 

Perkin II : Physical Organic 

Faraday I: Physical 

Faraday II: Chemical Physics 

Authors are requested to indicate, at the time they 
submit a typescript, the Transactions for which it is 
intended. Should this seem unsuitable, the Editor 
will inform the author. 

Conditions Governing Acceptance 

Contributions which have appeared or have been 
accepted for publication with essentially the same 
content in another journal or which incorporate freely 
available printed work will not be published in the 
Journal except by permission of the Council. This 
restriction does not apply to results previously pub- 
lished in materially abbreviated form, as a paper 
presented at a symposium, as a communication to 



Chemical Communications, as a letter to the Editor of 
other periodicals, or as a patent. 

Contributions are accepted by the Society on the 
understanding that the authors (a) have obtained any 
necessary authority for publication, and (b) will, if 
requested, surrender their copyright to the Society. 

Authors are solely responsible for the factual 
accuracy of their contributions. 

Since the Society reserves the right to retain all 
typescripts sent to it, authors are advised to keep 
copies. When contributions have been submitted for 
publication the authors are not at liberty, save by per- 
mission of the Society, to withdraw or delay them or 
to publish them elsewhere until after publication by 
the Society.! 

Submission of Articles 

Typescripts should be addressed to 

The Director of Publications, 
The Chemical Society, 
Burlington House, 
London W1V OBN 

Three copies of the typescript (a top copy and two 
good quality carbon or Xerox copies) are required. 

Rapid publication is aided by careful preparation 
of text and illustrations and strict adherence to the 
format and conventions of individual Transactions; 
detailed Instructions to Authors are available on 
request from the Editor. 

Particular attention is drawn to the use of (i) SI 
units and associated conventions, (ii) I.U.P.A.C. 
nomenclature for compounds, and (iii) standard 
methods of literature citation. 

Administration 

Receipt of a contribution for consideration will be 
acknowledged immediately by the Editorial Office. 
The acknowledgement will indicate the paper refer- 
ence number assigned to the contribution. Authors 
are particularly asked to quote it on all subsequent 
correspondence. 



* This policy statement supersedes that given in Notices to Authors No. 1/1968. 
■» Attention is drawn to the following extract from the Society's Bye-Laws: 

85. (i) Every Fellow who, with a view to its publication by the Society, submits a paper or other communication shall by so doing 
undertake: 

(a) that his communication has not been published and that he will not permit its publication before it is accepted or declined 
by the Society, and 

(b) that if it is accepted for publication the Society shall thereupon become entitled to the copyright therein and that he will, 
when called on to do so, assign, insofar as he is permitted to do so, to the Society the said copyright, including the sole right 
to print and publish in any form, in any language, and in any part of the woild, the whole or any part of his communication. 
The Council shall not refuse any reasonable request from any author to reproduce his own work elsewhere in whole or in part. 
The attention of every Fellow who submits a paper or other communication for publication shall be drawn to this Bye-Law. 

(ii) Any person other than a Fellow who submits any paper or other communication with a view to its publication shall be 
required to sign an undertaking in the terms set out above. 
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(Found: C, 48-4; H, 81; N, 15-8%; Equiv., 174. 
C 7 H 14 N a 0 3 requires C, 48-3; H, 8-1; N f 16-1%; Equiv., 
172). The compound gave an intense wine-red colouration 
with ethanolic iron(in) chloride. 



We are pleased to acknowledge the support and interest 
of the late Dr. K. Slack, who established and fostered our 
collaboration. 

[4/1141 Received, \2th June. 1974] 



Studies concerning the Antibiotic Actinonin. Part II. 1 Total Synthesis 
of Actinonin and Some Structural Analogues by the Isomaleimide Method! 

By Nicholas H. Anderson, W. David Ollis,* John E. Thorpe, and A. David Ward, Department of Chemistry, 
The University, Sheffield S3 7HF 

A general method for the synthesis of actinonin (I) and several structural analogues is described. L-Valyl-L- 
proiinol (III) and the isomaleimide (XIV) yield the intermediate (XVII). which gives actinonin (I) on hydrogen- 
ation. Corresponding routes yield compounds (XXV) (L-alanylpyrrolidine and DL-alanylpyrrolidine analogues), 
(XXVI) (L-valylpyrrolidine analogue), and (XXVII) (u-vatyl-L-prolinol analogue), which are actinonin 
analogues lacking the pentyl side-chain. 



The constitution (I)' 1 " 3 of the antibiotic actinonin is of 
interest in several respects. It is the first natural product 
to be recognised as a simple hydroxamic acid of the type 
RCONH'OH, 4 * and it is also the first known naturally 
occurring derivative of L-prolinol. Actinonin (I) may be 
compared with polypeptide antibiotics 4& and could be 
described as having a pseudopeptide structure; this is 
indicated by comparison of its stereoformula (I) with the 
polypeptide stereoformula (II) containing L-a-amino-acid 
residues. The isosteric correspondence of the side-chain 
of the. D-pentylsuccinic acid residue with the side^chain 
(R 2 ) of the corresponding L-a-amino-acid is particularly 

H H CH n o 



V HPri O ' H 



CH 2 -OH 



(I) 



H H R 1 0 H H R3 H Pf 



NHR 



in) ch 2 -oh 
(in) r= h 

(IV) R = PhCH^OC0 

striking. 46 These aspects of the actinonin structure 
could well be related 4 » 3 to the biological properties x « 2 of 
actinonin, which include activity against various Gram- 
positive, Gram-negative, and acid-fast bacteria as well as 
some antiphage activity. In order to explore possible 
structure-activity relationships involving actinonin, a 
synthetic approach was required which could be used for 

+ Preliminary communication, N. H. Anderson, W. IX Ollis, 
J. E Thorpe, and A. D. Ward, J.C.S, Chem. Comm., 1974, 420. 

1 Part I. J. J. Gordon, J. P. Devlin, A. J. East, W. D. Ollis, 
I O Sutherland, D. E. Wright, and L. Ninet, preceding paper. 

a J. J. Gordon, B. K. Kelly, and G. A. Miller, Nature, 1962, 
195,701. 

3 A. J. East, W. D. Ollis, and I. O. Sutherland, in * Chemistry 
of Microbial Products,' Institute of Applied Microbiology Sym- 
posium No. 6, University of Tokyo, 1964, p. 204. 



the synthesis of actinonin, its diastereoisomers, and 
structural analogues. Progress in these directions is now 
reported. 

The total synthesis of actinonin (I) was first considered 
in relation to the possibility of achieving a useful reac- 
tion between L-valyl-L-prolinol (III) and a suitable 
derivative of pentylsuccinic acid. The synthesis of L- 
valyl-L-prolinol (III) was straightforward : L-prolinol was 
obtained 6 by reduction, with lithium aluminium hydride, 
of L-2-ethoxycarbonyl-5-pyrrolidone, prepared from L- 
glutamic acid. L-Prolinol and N-benzyloxycarbonyl-L- 
valine ^-nitrophenyl ester yielded, by the standard 
coupling procedure, 7 A 7 -benzyloxycarbonyl-L-valyl-L- 
prolinol (IV), which on catalytic hydrogenation gave L- 
valyl-L-prolinol (III). 

Possible ways of discriminating synthetically between 
the two carboxy-groups of pentylsuccinic acid were now 
considered. The pentyl substituent was not expected to 
provide a useful source of discrimination on electronic 
grounds but it could be associated with a significant 
steric effect. It was then appreciated that this steric 
effect upon the relative reactivity of two appositely 
placed carbonyl groups would be more pronounced in 
pentylmaleic anhydride than in pentylsuccinic anhydride. 
Thus pentylmaleic anhydride would be expected to 
undergo preferential reaction with nucleophilic amines at 
the carbonyl group remote from the pentyl substituent. 
However, having recognised this, we had still to consider 
how each of the two carbonyl groups of pentylmaleic acid 
could be selectively incorporated into the two different 
peptide linkages associated with the L-valyl-L-prolinol 
and hydroxylamine residues. The solution to this prob- 
lem was provided by a route involving isomaleimide 

4 (a) J. B. Bapat, D. St. C. Black, and R. F. C. Brown, Adv. 
Heterocyclic Chem., 1969, 10, 199; H. Maehr, Pure AppL Chem., 
1971, 28. 603: (i>) R. O. Studer, Pvogr. Mcdicin. Chem., 1967, 5, 
1; (c) M. M. Shemyakin, Yu. A. Ovchinnikov, and V. T. lvanov, 
Angew. Chem. Jnternat. Edn., 1969, 8, 492. 

5 H. R. V. Arnstein, A nn. Reports, 1957, 54. :<47. 

6 (a) P. Karrer and P. Portmann, Helv. Chim. Acta, 1948, 31. 
2088- lb) F. F. Blickeand C.-J. Lu, /. Amer. Chem. Soc, 1955, 77, 
29- (c) F. P. Doyle, M. O. Mehta, G. S. Sach. and J. L. Pearson, 
J.'chem. Soc, 1958, 4458; [d) R, Buyle, Chem. and Ind., 1966, 
195. 

7 M. Bodanzky and V. du Vigneaud, /. Amer. C-'iem. Soc, 
1959, 81, 5688. 
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intermediates, in which an A r -benzyloxy-group was in- 
corporated as a potential hydroxyamino-group. 

Dehydration of A 7 -benzyloxyrnaleamic acid (V) with 
thionyl chloride followed by treatment with pyridine is 
reported to give a product, m.p. 80 — 81° [X^ 288 nm 
(e 14,000); v ma:c 1733 and 1721 cm" 1 ], formulated as the 
maleimide (VI). 8 In our hands this reaction gave an 
anhydro-derivative, m.p. 80° [X ?ax 288 nm (e 11,500); 
v mar. * 7 95 and 1640 cm -1 ], which, in spite of differences in 
the i.r. spectral maxima, was obviously identical with the 
compound described by Ames and Grey. 8 However, 
their proposed constitution (VI) is clearly excluded by 



C0 2 H 



CO 
I 



R K_ 



CH 2 Ph 



NH-0-CH 2 Ph 
(Y) R = H 
(IX) R= Me 



(VD) R = H 
(X) R s Me 



O-CH^Ph 

m) R=H 
i xni) r=c 5 h u 

R. , 

o<=>„ 

(Vm)R-Me 
(XDR = C 5 H n 

the n.m.r. spectrum of the anhydro-derivative, which 
showed an isolated AB system (t a 2-70, t b 3-62; Jab 5-7 
Hz) together with signals assignable to the benzyloxy- 
group. This showed conclusively that the anhydro- 
derivative of iV-benzyloxymaleamic acid (V) is the un- 
symmetrical isoimide (VII) rather than the previous!}' 
proposed 8 symmetrical maleimide (VI). 

The selectivity of ring-opening of monosubstituted 
maleic anhydrides by O-benzylhydroxylamine has now 
been demonstrated and the constitutions of the derived 
maleamic acids have been firmly established in the 
following manner. O-Benzylhydroxylamine and methyl- 
maleic anhydride (VIII) reacted together rapidly in 
ethereal solution at room temperature to give one pro- 
duct, shown to be N-benzyloxy-2-methylmaleamic acid 
(IX). This acid (IX) with diazomethane gave a methyl 
ester which on ozonolysis gave methyl pyruvate, isolated 
as its 2,4-dinitrophenylhydrazone. 9 

Dehydration of pentylfumaric acid 10 with phosphoric 
anhydride gave pentylmaleic anhydride (XI). This an- 
hydride also gave one product (XII) on treatment with 
O-benzylhydroxylamine. This constitution (XII) was 
similarly confirmed by ozonolysis and identification of 
the final product as the 2,4-dinitrophenylhydrazone of 
methyl 2-oxoheptanoate. An authentic sample of this 

8 D. E. Ames and T. F. Grey, /. Chem. Soc, 1955, 631. 
» W. D. Ollis, M. V. J. Ramsay, I. O. Sutherland, and S. 
Mongkolsuk, Tetrahedron, 1965, 21. 1453. 

10 Method of W. R. Vaughan and K. S.. Anderson, /. Amer. 
Chem. Soc. 1955, 77, 6702; J. Org. Chem., 1956, 21, 673. 

11 R. J. Cotter, C. K. Sauers, and J.-M. Whelan, /. Org. Chem., 
1961, 26. 10. 

12 R. Paul and A. S. Kende, /. Amer. Chem. Soc, 1964, 86, 
4162. 



hydrazone was prepared by ozonolysis of dimethyl 
pentylfumarate and treatment of the derived methyl 2- 
oxoheptanoate with 2,4-dinitrophenylh3'drazine. 

iViV'-Dicyclohexylcarbodi-imide has been shown n » 12 to 
dehydrate maleamic acids to give isoimides, and with this 
reagent the maleamic acid (V) gave the same product 
(VII) as was obtained by the thionyl chloride-pyridine 
procedure. 8 The maleamic acid (IX) similarly gave the 
isoimide (X) [X^ 287 nm; 1795 and 1640 cm" 1 ; 

TMe 8-01 (d) ( t h 3-11 (q) (J 1-5 Hz)]. However, in the 
pentyl series, the maleamic acid (XII) gave two an- 
hydro-derivatives which could be formulated as the 
maleimide (XIII) 216 nm; 1730 and 1625 

cm" 1 ; t h 3-94 (t, J 0-9 Hz)] and the isomaleimide (XIV) 
['W 285 nm » v max. 1795 and 1640 cm* 1 ; t h 3*11 (t, / 
0-9 Hz)]. 

Isoimides 11 " 15 undergo nucleophilic attack l2 > 1 ^ 1 ^ at 
the carbonyl group as the favoured process and as a 
model for the application of this reaction in the synthesis 
of actinonin the following experiments were carried out. 
iV-Benzyloxy isomaleimide (VII) and benzylamine in 
boiling chloroform yielded A r -benzyl-iV'-benzyloxy- 
fumaramide (XV a), m.p. 238°, as the sole product which, 
on catalytic hydrogenation, was debenzylated and re- 
duced giving the carbamoyl-hydroxamic acid (XVI) 
directly. The product of m.p. 238° was identified as the 
fumaric acid derivative (XVa) because the correspond-.- 
ing reaction of iV-benzyloxyisomaleimide (VII) and 
benzylamine at room temperature gave the isomer 
(XVb). 16 The isomerisation (XVb) — (XVa) occurs 
when the maleic acid derivative (XVb) is boiled in 
chloroform with a trace of benzylamine. 16 

Reaction between L-valyl-L-prolinol (III) and the 
isoimide (XIV) gave O-benzyldidehydroactinonin (XVII) 
which, on catalytic hydrogenation, 17 gave a mixture of 
two diastereoisomers. Actinonin (I) was isolated from 
this mixture by fractional crystallisation. 

This synthetic route has also been used for the synthe- 
sis of several analogues of actinonin (I), involving re- 
placement of the L-prolinol, L-valine, or D-pentylsuccinic 
acid residue by a pyrrolidine, alanine, or succinic acid 
residue. 

Coupling of the N-benzyloxycarbonyl-amino-acid p~ 
nitrophenyl esters 7 derived from L-alanine, DL-alanine, 
and L-valine with either pyrrolidine or L-prolinol gave the 
intermediate iV-benzyloxy carbonyl derivatives (XVIII) 
(L-alanine or DL-alanine residue), (XIX) (L-valine resi- 
due), and (IV) (L-prolinol and L-valine residues), which 
were hydrogenated giving the aminoacyl compounds 

13 M. M. S. Hoggewerff and W. A. van Dorp, Rec. Trav. chim., 
1893, 12. 12; 1895, 14, 252; P. H. van der Meulen, ibid., 1896, 15, 
282, 323; K. C. Tsou, R. J. Barrnett, and A. M. Seligman, /. 
Amer. Chem. Soc, 1956, 77. 4613; D. Y. Curtin and L. L. Miller, 
Tetrahedron Letters, 1965, 1869; J. Amer. Chem. Soc t 1967, 89, 
637. 

14 W. R. Roderick and P. L. Bhatia, /. Org. Chem., 1963, 28, 
2018. 

« C. K. Sauers and R. J. Cotter, U.S. Pat. 3,133.070 (Chem. 
Abs., 1964. 61. 7026); E. Hedaya, R. L. Hinman, and S. Theo- 
doropulos, /. Org. Chem., 1966, 31. 1317, 

16 M. T. W. Hearn and A. D. Ward, in preparation. 

17 M. Masaki. J. Ohtake, M. Sugigama, and M. Ohta, Bull. 
Chem. Soc, Japan, 1965, 38, 1802. 
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NH-0-CH.Ph 
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(XX), (XXI), and (III). These aminoacyl compounds 
when heated with A^-benzyloxyisomaleimide (VII) in 
chloroform gave the O-benzyldidehydro-compounds 
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(Table 1), which were reduced to the actinonin analogues 
listed in Table 2. The debenzylation was assisted by 
addition of a trace of pyridine 17 during the hydrogen- 
ation step. 

The biological activity of these actinonin analogues 
and the mass spectral fragmentation patterns of the 



compounds described here will be discussed in later 
papers in this series. 

EXPERIMENTAL 

General experimental procedures are given in Part I. 1 
L-ProlinoL — Modification of the published procedure, 6 by 
the use of purified lithium aluminium hydride and continu- 
ous extraction with ether, was necessary. Lithium alumin- 
ium hydride (15 g) was stirred with anhydrous ether (400 ml) 
and insoluble material was removed. This solution was 
then slowly added to a gently boiling stirred solution of L-2- 
ethoxycarbonyl-5-pyrrolidone (18 g) in ether (400 ml). 
After heating (24 h) under reflux, water (14 ml) was care- 
fully added to the cooled solution followed by aqueous 
sodium hydroxide (10n; 500 ml). Continuous extraction 
(24 h) with ether and drying (Na 2 S0 4 ) and evaporation of 
the extract gave L-prolinol (7- 1 g) as an oil, b.p. 88 — 90° at 
15 mraHg (lit., 6c 89° at 6 ramHg), characterised as its oxal- 
ate, m.p. 156° (from ethanol), [a] D 21 +19° (c 0*2 in H 2 0) 
{lit.,» a m.p. 159°, [a] D +21-5 (H 2 0)}. 

N-Benzyloxycarbonyl- 1 L-valyl-*L-prolinol (IV). — A solution 
of L-prolinol (2-95 g) in ethyl acetate (20 ml) was added to 
A 7 -benzyloxycarbonyl-L-valine £-nitrophenyl ester 7 (9-20 g) 
in ethyl acetate (20 ml) at room temperature. After 48 h, 
chloroform (40 ml) was added and, after shaking with 2n- 
hydrochloric acid (20 ml), 2N-ammonium hydroxide (30 ml 
portions to remove ^-nitrophenol) , and water (20 ml), 
evaporation gave TST-benzyloxycarbonyl-L-valyl-L-prolinol 
(8-2 g) as a gum, [a] D « -0-41° (c 0*2 in EtOH), m/e 334 (M + , 
C 18 H 26 N 4 0 9 ); v inax 1700and 1610cm-i; T 2-70 (s, Ph), 4-25br 
(d, NH), 4-95 (s, PhCH 2 ), 6-20 (d, / 5-5 Hz, C// 2 -OH), and 
9-02 (H A> d) and 9 09 (H B , d) (/ 6-5 Hz, Me A Me B CH). 

*l-V alyl-*L-prolinol (III). — Hydrogenation (24 h) at room 
temperature of TV-benzyloxycarbonyl-L-valyl-L-prolinol (8-2 
g) in ethyl acetate (100 ml) over 10% palladium-charcoal 
(1-0 g), followed by nitration and evaporation, gave the inter- 
mediate carbamic acid (v^ 1700 cm" 1 ). Thermal decarb- 
oxylation (20 min; 100°; 1*5 mniHg) gave L-valyl-L-prolinol 
(4-75 g) as a gum, m/e 200 (M + , C 10 H 20 N 2 O 2 ), 1610 cm \ 
characterised 18 as its ^-2,1-dinitrophenyl derivative, yellow 
needles, m.p. 125° [from benzene-light petroleum (b.p. 60 — 
80°)] (Found: C, 52-7; N, 5-8; N, 151%; M + , 366. 
C 16 H. 2 N 4 O e requires C, 52-5; H, 6-1; N, 15-3%; M, 366); 
[ a ] *4~_j_74° ( C 0-2 in EtOH), and its picrate, m.p. 193° (from 
ethyl acetate-ether) (Found: C, 44-9; H, 4-9; N, 16-4. 
C 10 H 20 N 2 O 2 ,C 6 H 3 N 3 O 7 requires C, 44-7; H, 5-4; N, 16-3%). 

18 K. R. Rao and H. A. Sober, /. Amer. Chem. Soc, 1954, 76, 
1328. 
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O-Benzylhydroxylamine. — O-Benzylacetoxime 19 (20 g) 
was added to concentrated hydrochloric acid (25 ml) and the 
stirred mixture was boiled (30 min). After cooling (0°) the 
crystalline precipitate was collected and treated with an 
excess of aqueous 2N-sodium hydroxide. Extraction with 
ether and distillation gave O-benzylhydroxylarnine (7-2 g) 
as an oil, b.p. 90° at 15 mmHg (lit., 20 118—1 19° at 30mmHg), 
t 2-76 (s, Ph), 4-82 (s, NH 2 ), and 5-45 (s, PhGtf 2 ), charac- 
terised as its m~2,±-dinitrophenyl derivative, yellow needles, 
m.p. 141° (from ethanol) (Found: C, 54-0; H, 3-9. 
C ia H ll N„0 5 requires C, 54-0; H, 3-8%). 

Pentylfumaric Acid. — Bromine (32 g) was added drdpwise 
to a stirred solution of ethyl 2-pentylacetoacetate 21 (10 g) 
in dry ether (15 ml) at 0°. The mixture was then heated 
under reflux (5 h), water (100 ml) was added, and the lower 
ethereal layer was separated and added dropwise to a stirred 
slurry of potassium hydroxide (27 g) in ethanol (30 ml) at 0°. 
This mixture was heated during 30 min to 100°, kept at this 
temperature for a further 30 min, then steam-distilled, and 
the residue was acidified. Extraction with ether followed 
by crystallisation from benzene-light petroleum (b.p. 00 — 
80°) gave pentylfumaric acid (6-0 g), m.p. 171° (Found: C, 
58-2; H, 7-6. C 9 H 14 0 4 requires C, 58-0; H, 7-6%). 

Pentylmaleic Anhydride (XI). — Pentylfumaric acid (10 g) 
was intimately mixed with phosphoric anhydride (9-0 g) and 
the mixture was heated during 1 h to 180°. Distillation 
gave pentylmaleic anhydride (7-5 g), b.p. 125 — 130° at 15 
mmHg (Found: C, 64-7; H, 71. C 9 H 12 0 3 requires C, 64-3; 
H, 7-2%), v MX (film) 1840, 1780, and 1640 cm" 1 ; t 3-36 (t, 
/ 1-5 Hz, vinylic H). 7-47br (t, CH S -C=C), 8-0—8-9 (m, 
[CH 2 ] a ), and 9-09 br (t, Me). 

N-Benzyloxy-2-pentylmaleamic Acid (XII). — A solution of 
O-benzylhydroxylamine (1-4 g) in dry ether (20 ml) was 
added dropwise to a solution of pentylmaleic anhydride (2-0 
g) in dry ether (20 ml) at 0°. After stirring for a further 30 
min at 20°, light petroleum (b.p. 40 — 60°) was added until 
the solution became cloudy. After 24 h at 0° the precipitate 
was collected; crystallisation from ether-light petroleum 
(b.p. 40 — 60°) at 0° gave N-benzyloxy-2-pentylmaleamic acid 
(2-62 g) as prisms, m.p. 77° (Found: C, 66-2; H, 7 0; N, 4-9. 
C le H 2l N0 4 requires C, 66-0; H, 7-3; N. 4-8%), (Nujol) 
1690 and 1640 cm" 1 ; t — l-5br (s, C0 2 H and NH), 2*69br 
(s, Ph), 3-73br (s, vinylic H), 5-09 (s, PhC// 2 ), 7-65br (t, 
CH 2 -C=C), 8-1— 8-9br (m, Me[C//J 3 ), and 9-13br (t, Me). 

N-Benzyloxy-2-pentylmaleimide (XIII) and N-Benzyloxy-2- 
pentylisomaleimide (XIV). — A solution of JVTV'-dicyclo- 
hexylcarbodi-imide (730 mg) in anhydrous ethyl acetate 
(5 ml) was added at 0° to a solution of A r -benzyloxy-2- 
pentylmaleamic acid (1*0 g) in ethyl acetate (5 ml). After 
30 min the precipitated JSW-dicyclohexylurea was removed 
and the filtrate evaporated. Fractionation of the residue 
by thick-layer chromatography (benzene) gave two fractions 
which were extracted with chloroform. The faster-moving 
band gave TX-benzyloxy-2-pentylisomaleimide (610 mg) as an 
oil (Found: C, 70-1; H, 6-9; N, 5-1%; M + , 273. 
C 16 H 10 NO 3 requires C, 70-3; H, 7-0; N, 5-1%; M, 273); 
a 285 nm (el 1,300); v fnax 1795 and 1640 cm" 1 ; t 2-65 (s, 
Ph). 3-11 (t, J 0-9 Hz, vinylic H), 4-81 (s, PhC// 2 ), 7-62br 
(m, CH 2 -C=C), 8-62 (in. [CH 2 ] 3 ), and 9-llbr (t, Me). The 
slower-moving fraction gave N~benzyloxypentylmaleimide 
(160 mg) as plates, m.p. 34° [from light petroleum (b.p. 40 — 
60°) at - 20°] (Found: C, 70-5; H, 7-1 ; N, 5-1. C lc H lfl N0 3 

" A. Janny,£*r., 1883, 16. 174. 

20 R. Behrend and K. Leuchs, Annalen, 1890, 257. 207. 

21 P. Centcrick, Bull. Soc. chim. beiges, 193G, 45. 545. 



requires C. 70-3; H, 70; N, 5-1%); X max 216 nm (e 10,600) ; 
v 1730 and 1025 cm" 1 ; t 2-65 (s, Ph), 3-94 (t, / 0-9 Hz, 
vinylic H), 4-78 (s. PhCtf 2 ), 7-62br (m, CH 2 -C=C), 8-62 (m, 
[CH 2 ] 3 ), and 9-llbr (t, Me). 

O-Benzyldidehydroactinonin (XVII). — A solution of A r - 
benzyloxy-2-pentylisomaleimide (630 mg) and L-valyl-L- 
prolinol (450 mg) in chloroform was set aside at room 
temperature for 4 days. Evaporation and column chrom- 
atography (elution with chloroform followed by chloroform- 
ethyl acetate) of the residue yielded O-benzyldidehydro- 
actinonin (635 mg) as an amorphous solid (Found: C, 65-8; 
H, 8-2; N, 9-1. C 26 H 3fl N 3 O s requires C, 66-0; H, 8-3; N, 
8-9%), 1660 and 1620 cm' 1 . 

Actinonin (I). — Hydrogenation (1 atm; room tempera- 
ture; 12 h) of a solution of O-benzyldidehydroactinonin 
(360 mg) in ethanol (10 ml) containing pyridine 17 (0-2 ml) 
over palladium-charcoal (10%; 200 mg), • followed by 
filtration and evaporation, gave a residue. Recrystallis- 
ation from ethanol-ether gave actinonin (30 mg) identical 
with the natural product. 

N-Benzyloxyisomaleimide (VII). — (a) Dehydration of N- 
benzyloxymaleamic acid (200 mg), as in the preparation of , 
compounds (XIII) and (XIV), gave N-benzyloxyisomaleimide 
as needles (130 mg), m.p. 80° [from light petroleum (b.p. 
60—80°)] (Found: C, 65-0; H, 4-8; N, 7-1. C u H,NO, 
requires C, 65-0; H, 4-5; N, 0-9%), X nwx 288 nm (e 15,000)'; 
v max (Nujol) 1795 and 1640 cm" 1 ; - 2-63 (s, Ph), 2 : 70 (H A , d), 
and 3-62 (H B , d) (/ AB 5-7 Hz, CH A =CH B ), and 4-78 (s, 
PhCH 2 ) ; literature data 8 for ' A r -benzyloxymaleimide ' : 
m.p. 80—81°, X maX 288 nm (e 14,000), (Nujol) 1733 and 
1721 cm' 1 . 

(b) Dehydration of 7V-benzyloxymaleamic acid with 
thionyl chloride following the published procedure 8 gave 
A r -benzyloxyisomaleimide, identical with the product from 
method (a). 

IX-Benzyl-TX'-benzyloxyfumaramide (XVa). — A solution of 
Ar-benzyloxyisomaleimide (167 mg) and benzylamine (88 
mg) in chloroform (10 ml) was heated (24 h) under reflux, 
then cooled, and the crystalline precipitate was collected. 
Recrystallisation from chloroform gave 'K-benzyl-K'-benzyl- 
oxyfumaramide (190 mg), m.p. 238° (Found: C, 69-5 H. 61; 
N, 9-2. C 18 H 18 No0 3 requires C, 69-7; H, 5-9; N, 9-0%), 
W< Nu J o1 ) 1630 cm-* 

*$-Benzyl-&' -hydroxy succinamide (XVI) . — Hydrogenation 
(1 atm ; room temperature; 12 h) of a solution of N-benzyl- 
A r '-benzyloxyfumaramide (120 mg) in ethyl acetate (5 ml) 
over palladium-charcoal (10% ; 1 0 mg) yielded N-fonzyJ-N'- 
hydroxysuccinamide (85 mg), m.p. 149° (from ethyl acetate) 
(Found: C, 59-8; H, 6-6; N, 12-8. C ll H 14 N 2 0 3 requires 
C, 59-5; H, 6-4; N, 12-6%). 

^H'Benzyloxy-2-methylmaleamic Acid (IX). — A solution of 
O-benzj-lhydroxylamine (7*8 g) in dry ether (20 ml) was 
added slowly to a stirred cooled solution of methylrnaleic 
anhydride (7-0 g) in dry ether (20 ml) at 20°. After stirring 
for a further 30 min the product was removed ; recrystallis- 
ation from chloroform— ether gave T$-benzyloxy-2-methyl- 
maleamic acid (10-8 g), m.p. 114° (Found: C, 61-1; H, 5-3; 
N, 6-2. C 12 H 13 N0 4 requires C, 61- 1; H, 5-6; N, 6-0%), 
v max (^ T ujol) 1690 and 1645 cm" 1 ; t (C 5 D 5 N) -4-00br (s, 
CO,'H and NH), 2-75br (s, Ph), 3-67br (s, vinylic H), 4-78 
(s, PhC// 2 ), and 7-86 (d. / 1-5 Hz, Me). 

^-Benzyloxy-2-melhylisomaleimide (X). — A solution of N- 
benzyloxy-2-methylmaleamic acid (4-4 g) in dry ethyl 
acetate (150 ml) was added to a solution of iVW-dicyclo- 
hexylcarbodi-imide (3-8 g) in ethyl acetate -(50 ml). After 
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24 h the precipitated iViV'-dicyclohexylurea was removed 
and the filtrate evaporated. Rccrystallisation from ether- 
light petroleum (b.p. 40—00°) at 0° gave AT-benzyloxy-2- 
methylisomaleimide (2-8 g), m.p. 50° (Found: C, 66-4; 
H, 5-1; N, 6-8. C 12 H 11 N0 3 requires C, 66-4; H, 51; N, 
6*5%), \^ 287 nm (e 12,300); W 1795 and 1640 cm'*; 
-r 2-67 (s, Ph), 31 Z (q, / 1-5 Hz, vinylic H), 4-83 (s, PhCH 2 ), 
and 8 01 (d, / 1-5 Hz, Me). 

Methyl W-Benzyloxy-2-methylmaleamate. — A solution of 
iV-benzyloxy-2-methylmaleamic acid (1*0 g) in methanol 
was treated with an excess of ethereal diazomethane and after 
30 s a few drops of acetic acid were added. The solvent was 
evaporated off and the residue recrystallised from light 
petroleum (b.p. CO — 80°) giving methyl N-benzyloxy-2- 
methylmaleamate, m.p. 72°; 1720, 1690sh, and 1660 

cm" 1 ; t 0*38br (s, NH), 2-68 (s^Ph), 4-12. (m, vinylic H), 
5-15 (s, PhC£/ 2 ), 6-25 (s, CO„Me), and 8*03 (d, / 1*6 Hz, 
Ctf 3 -OCH). 

Ozonolysis of Methyl ~&-Benzyloxy-2-methylmaleamate. — A 
solution of the methyl ester (100 mg) in dry ethyl acetate 
(100 ml) at -—40° was treated with a slight excess of ozonised 
oxygen. The solvent was evaporated off and the ozonide 
warmed with water (10 ml) for a few minutes. The water 



methyl 2-oxoheptanoate 2,4-dinitrophenylhydrazone (70 mg) 
as yellow needles, m.p. 145° [from benzene-light petroleum 
(b.p. 60—80°)] (Found: C, 49-4; H, 5*5; N, 16*9. 
Ci 4 H 18 N 4 0 6 requires C, 49*7; H, 5-3; N, 16*6%); v 1710 
1620, and 1600 cm" 1 ; t -3-50br (s, NH), 0*94 (H x ?d), 1*66 
(H B , double d), and 1-92 (H A , d) [/ AB 10, / BX 3, / Ax 0 Hz; 
C 6 H 3 (N0 2 ) 2 ], 6*02 (s, C0 2 Me), 7*33br (t, CH*-C=N), 8*0—8*9 
(m, [CH 2 ] 3 ), and 9*07br (t, Me). 

Ozonolysis of N-Benzyloxy-2-pentylmaleamic A cid ; Form- 
ation of Methyl 2-Oxoheptanoate 2,4-Dinitrophenylhydrazone. 
— As in the preceding experiment, ozonolysis of AT-benzyl- 
oxy-2-pentylmaleamic acid (200 mg), reduction of the inter- 
mediate ozonide, and treatment with diazomethane followed 
by Brady's reagent gave methyl 2-oxoheptanoate 2,4-di- 
nitrophenylhydrazone (18 mg), m.p. 145°. 

(K-Benzyloxycarbonylaminoacyl)pyrrolidines (XVIII) and 
(XIX). — These compounds were prepared 7 from various 
£-nitrophcnyl esters (A r -benzyloxycarbonyl-L-alanine p- 
nitrophenyl ester, 220 N- be nzyloxycarbonyl-DL- alanine p- 
nitrophenyl ester, 226 and iV-benzyloxycarbonyl-L- valine p- 
nitrophenyl ester 22c ) and pyrrolidine following the procedure 
described above for the synthesis of N-benzyloxycarbonyl- 
L-valyl-L-prolinol (IV). 



Table 1 



Base residue RNH- Yield 

Compound derived from (%) 

(XXII) L-Alanylpyrrolidine 90 

(XXII) DL-Alanylpyrrolidine 93 



O-Benzyldidehydro-compounds 

rH-0-CH 2 Pi 
Found (%) 



RNH-CO-CH=CH-CO-NH-0-CH 2 Ph 



Required (%) 



(XXIII) 
(XXIV) 



L-Valylpyrrolidine 
L-Valyl-L-prolinol 



63 
84 



M.p. ro 


C 


H 


N 


M 


Formula 


r 

c 


H 


N. 


M 


116—116 


62*9 


70 


12*4 


345 


C l8 H 28 N 3 0 4 


62*6 


6-7 


12*2 


346 


(Amorphous solid) 














117—118 


62*5 


6*4 


12*2 


346 


Ci 8 H 23 N 3 0 4 


62-6 


6*7 


12*2 


345 


(Amorphous solid) 












Gum 


64-2 


71 


11*2 


373 


C, 0 H 27 N 3 O 4 


64*3 


7*3 


11*3 


373 


Gum 


62-4 


7*3 


10-5 


403 


C 21 H 29 N 3 0 8 


62*5 


7*3 


10*4 


403 



Compound 
(XXV) 
(XXV) 
(XXVI) 
(XXVII) 



Base residue RNH— 

derived from 
L-Alanylpyrrolidine 
DL-Alanylpyrrolidine 
L-Valylpyrrolidine 
L-Valyl-L-prolinol 



Table 2 
Carbamoyl-hydroxamic acids 

RNH-CO-CH 2 -CH 2 -CO-NH-OH 
Found (%) 

Yield (%) ' 
88 (gum) 
86 (m.p. 76°) 
91 (gum) 

93 (gum) 52*9 



Required (%) 



C H 
51*3 7-8 



16*1 
14-8 



7*8 



M 
257 
257 
285 
315 



Formula 

C u H lt N a O« 
C„H 19 N 3 0 4 
C 13 H„N 3 0 4 
C 14 H 2S N 3 O b 



51*4 

53*2 



H 



7*5 



7*7 



N M 
257 
16*4 257 
14*7 285 
316 



was then evaporated off and the residue treated with a 
methanolic solution of 2,4-dinitrophenylhydrazine in sul- 
phuric acid. Purification by t.l.c. (benzene) gave methyl 
pyruvate trans- 2,4-dinitrophenylhydrazone (6 mg), m.p. 
151°, and the cis-isomer (11 mg), m.p. 187°, both 
identical with authentic samples. 9 

Ozonolysis of Dimethyl Pentylfumarate ; Formation of 
Methyl 2-Oxoheptanoate 2,4-Dinitroph enylhydrazone. — Pen- 
t y If u marie acid with diazomethane in methanol gave the 
corresponding dimethyl ester. This ester (160 mg) was 
ozonised in dry ethyl acetate (10 ml) at —80° and the inter- 
mediate ozonide was reduced at 0° over Adams platinic 
oxide. Removal of the catalyst and evaporation of the 
filtrate gave a residue which was treated with a methanolic 
solution of 2,4-dinitrophenylhydrazine in concentrated 
sulphuric acid. Fractionation by t.l.c. (chloroform) gave 

22 (a) M. Goodman and K. C. Stueben, /. Amcr. Chem. Soc, 
1959, 81. 3980; (6) Th. Wieland and B. Heinke, Annalen, 1958, 
615, 184; (c) B. Iselin, W. Kittel, P. Sieher, and R. Schwyzer, 
Helv. Chim. Acta, 1957, 40, 373. 



l-(N-Benzyloxycarbonyl-L-alanyl)pyrrolidine (XVIII) had 
m.p. 131° [from ether-light petroleum (b.p. 40 — 60°)], 
[a] D 25 -1*1 (c 0*1 in CHC1 3 ) (Found: C, 65*4; H, 7-4; N, 
10*1%; M+ 276. C ls H 20 N 2 O 3 requires C, 65*2; H, 7*3; 
N, 10*1%; M t 276). 

\-$$-Benzyloxycarbonyl-T>\^-alanyl)pyrrolidine (XVIII) 
had m.p. 110° [from ether-light petroleum (b.p. 40—60°)] 
(Found: C, 65*0; H, 7*4; N, 10*4%; Af+ 276. C 15 H 20 N 2 O 3 
requires C, 65*2; H. 7-3; N, 10*1% ; M, 276). 

The preparation of l-(iV-benzyloxycarbonyl-L-valyl)- 
pyrrolidine (XIX) is described in Part III. 23 

Aminoacylpyrrolidines (XX) and (XXI). — Catalytic 
hydro ge nation of the preceding (7v"-benzyloxycarbonyl- 
aminoacyl) pyrrolidines was carried out by the method 
described above for the synthesis of L-valyl-L-prolinol (III). 

l-(L-Alanyl)pyrrolidine (XX) was an oil, m/e 142 (A/+, 

23 Part 111. J. P. Devlin, W. D. Ollis, J. E. Thorpe, R. J. Wood, 
B. J. Broutfhton, P. J. Warren, K. R H, Wooldridgc, and D. E. 
Wright, following paper. 
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CH NO), characterised as its K-2+dinitroptenyl deriva- 
yellow needles, m.p. 153= (from ethanol, (Found: C, 
■S O 6 H 5-2- N. 18-2%; M+i 3 08. C 13 H lt N 4 O s requires 
r snfi'H 5-2- N, 18-2%; M, 308). 

■ S^taJJir^wJ (XX) was an oil. m/e 142 (M\ 
C H °No1. characterised as its K-Z^inUrophenyUenvaHve, 
Sp 203° (from ethanol) (Found: C. 50-8 r H. 5-5; N 

w &%; 308 - C » H » N *°« requires c ' 50 ' 6; H ' 5 ' 

N ' T rp i repfrktion ) -of l- (L -val y l)py^idine and its 2.4- 

romoounds were prepared by heating under reflux eqm- 
Sular amounts P of the amine (RNH,) and N-benzyloxy- 
^omaSide (VI) in chloroform (12 h). followed by evapor- 
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ation of solvent and purification by column chromatography 
on silica. Yields and analytical data are given in Table 1. 

Carbamoyl-hydroxamic Acids (XXV)— (XXVII) .—The 
O-benzyldidehydro-compounds (XXII)-(XXIV) were 
hydrogenated in the same way as 0-benzyldidehydroact.no- 
riin (XVII) After removal of the catalyst and the solvent, 
the product was purified by chromatography on a poly- 
amide column (elution with ethanol). The yields and 
analytical date are given in Table 2. 

We gratefully acknowledge the award of an S.R.C. 
Studentship (to N. H. A.) and two R ^f rc V ^TonM 
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A synthetic route, associated 

structural analogues (XIII) of ,a«' n °""^ ~ ™* Ttl-Amino-amides (IHb) yielded the (±)-hydroxam,c 
configuration (XIII). 



The determination of the constitution of the antibiotic 
actinonin (I) and its total synthesis * have been described. 
We now report the synthesis of some structural analogues 

<II) of actinonin. 

Actinonin shows an interesting but low-level spectrum 
of antibacterial activity* but this is unfortunately 
associated with a rapid emergence of resistant strains. 



The structural analogues (II) selected for synthesis 
were those in which the L-prolinol residue of actinonin (I) 
was replaced by a variety of amine residues [R and K 
in (XIII)l (Table 4). Systematic modification of the l- 
valyl residue of actinonin (I) included its replacement by, 
for example, glycyl, alanyl, phenylalanyl, \ency\. o- 
aminobenzoyl, and ^-aminobenzoyl groupings [R in (ll)j. 



H .H. 



CsHn9 




.OH 



K O 



.OH 



CH 2 0H 



(I) 



(11) 



These limitations upon- its possible use encouraged the 
sSeseTof structural analogues (II). There was ako 
the possibility that such studies might produce useful 
information about structure-activity relationships. The 
pseudo-L-polypeptide' nature of actinonin follows from 
the topological analogy between the D-pentylsuccimc acid 
residue of actinonin with a corresponding L-amino-acid 
residue in a poly peptide. ^ This topological relation- 
ship 8 might well be related to the antibiotic activity of 
actinonin and the mechanism of its action. 7 

t Preliminary communication, J. P- Wn,W. D. Ollis. J. E. 
JJ™r 7 Wood B. J. Broughton. P. J. Warren. K. R. H. 
W<Xio^e J anYS US. Wright. jLs. CHem. Comm.. 1974. 421. 

> Part II N H. Anderson, W. D. Ollis, J. E. Thorpe, and 
A " Pw V D d 6ll[s C A J jffij. J . Gordon, and I. O. Sutherland in 



The side-chain of the D-pentylsuccinic acid residue of 
actinonin (I) was variously replaced by hydrogen 
methyl, ethyl, propyl, butyl, 3-methylbutyl, hexyl, 
decyl, cyclopentyl, phenyl, benzyl, /.-chlorobenzyl, p- 
nitrobenzyl. and ^-aminobenzyl [R 4 in (II)]. 

A possible synthetic route to the analogues (II) in- 
volving the reaction between the amino-amides (Illb) 
(Table 2) and the anhydrides (V) was investigated. The 
amino-amides (111b) were prepared by standard methods 
from the amines R^NH and iV-benzyloxycarbonyl- 
> Part I J J. Gordon. J. P. Devlin. A. J. East. \V. D OU.s. 
I. O Suthe'rllnd. D. E. Wright, and L. Ninet. J.C.S. Perkm I. 
1975,819. b K KeUy G A M . Uer Naiure _ 1962. 

195 *' r}'o. Studer, Progr. Medicvn. Chem 1967 5, 1. 

• M M. Shemyakin. Yu. A. Ovchinmkov, and V. T. Ivano\. 
Angew'.Chem. Internal. Edn. .1969, S .492 

» M. M. Atwood, /. Gen. Microbiol., 1969, 55. 20S. 
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